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Design goal and rationale

Goal: to integrate theory and experiment by constructing and testing a 
synthetic, bistable gene circuit based on the predictions of a simple 
mathematical model.

Build a system requiring the fewest genes and cis-regulatory elements 
to achieve robust bistable behavior.

Robust means:
– the toggle exhibits bistability over a wide range
– of parameter values
– the two states are tolerant of fluctuations inherent in gene 

expression (i.e. the toggle switch will not flip randomly between 
states)



Toggle switch design (Fig. 1)

• Repressor 1 inhibits transcription from Promoter 1 and is induced by Inducer 1. 

• Repressor 2 inhibits transcription from Promoter 2 and is induced by Inducer 2.



The toggle switch plasmid (Fig. 3)

Figure 3 The toggle switch plasmid. Promoters are marked by solid rectangles with
arrowheads. Genes are denoted with solid rectangles. Ribosome binding sites and
terminators (T1T2) are denoted by outlined boxes. Different P1 promoters, RBS1 
ribosome binding sites, and/or R1 repressors, are used for the various toggle 
switches. Plasmid types I±III, used in the construction and testing of the toggle 
components, are described in the Supplementary Information.



Modeling equations (Box 1)

α1, α2 rate of synthesis of repressor or 
reporter gene; modified by changing 
downstream ribosome binding site (RBS)

u = concentration of repressor 1
v = concentration of repressor 2

β cooperativity of repressor of promoter 1
γ cooperativity of repressor of promoter 2



Stability (Fig. 2)
Monostable SystemBistable System



Bistable Parameter Space (Fig. 2)



Plasmids
Class Promoter 1 (P1) Repressor 1 (R1) Promoter 2 Repressor 2

pTAK PLs1con cIts Ptrc-2 lacI

pIKE PLtetO-1 tetR Ptrc-2 lacI

HIGH state = transcription from Ptrc-2 + repression of P1 + GFP

LOW state = transcription from P1 + repression of Ptrc-2

Switch between states

Class High to Low Low to High

pTAK thermal pulse Isopropyl- β-
thiogalactopyranoside (IPTG)

pIKE Anhydrotetracycline
(aTc) pulse

IPTG pulse



Plasmids
pTAK117
pTAK130
pTAK131
pTAK132
pIKE107
pIKE105

Bistable

No bistability

Controls:

pTAK102
pTAK106
pIKE108

Different RBS1 
strength (i.e. 
different α1, α2)



Demonstration of 
bistability (Fig. 4)

Demonstration of bistability. The grey 
shading indicates periods of chemical or 
thermal induction. The lines in a and b, which 
are approximations of the switching
dynamics, are included for clarity. a, pTAK
toggle plasmids and controls. b, pIKE toggle 
plasmids and controls. c, demonstration of 
the long-term stability of the separate
expression states in pTAK117.



Toggle switch induction 
threshold (Fig. 5a)



Toggle switch induction threshold (Fig. 5b)



Toggle switch induction threshold (Fig. 5c)



pTAK117 switching time (Fig.6)



Fig. 1, supplement



Table 1, supplement



Fig. 2, supplement
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